One hundred eight patients who had had vectorcardiograms and electrocardiograms recorded were followed to autopsy, and their hearts were carefully studied postmortem. Vectorcardiographic criteria previously proposed using the Frank corrected lead system were tested against the anatomic findings. Work supported in part by Grant N65-16 from the Chicago Heart Association.
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Cardiac hypertrophy and infarction utilized in the derivation of the criteria to be evaluated.
Methods
More than 3,000 vectorcardiograms and scalar electrocardiograms have been recorded from patients with and without clinical evidence of heart disease. Of the patients that died, 108 were examined postmortem, and this report concerns this group. Fifty-three patients had anatomic evidence of myocardial infarction and 55 had no infarction. No significant differences were found between these two groups when they were analyzed for age and sex, and for the prevalences of carcinoma, advanced pulmonary disease, pulmonary infarction, and ventricular hypertrophy (table 1) . More Negroes than Caucasians had infarction (P < 0.01).
The hearts of all the patients were carefully dissected postmortem. The muscle masses of the septum, right ventricular free wall, and left ventricular free wall were isolated and their weights were recorded separately after removal of all epicardial fat tissue. Each of the three portions of the myocardium was then laminated trans-VECTORCARDIOGRAPHIC CRITERIA and blocks for sectioning and microscopic examination were taken from representative areas and from any areas of suspected infarction. The area of the heart from which each block was taken was recorded on a map of the laminated heart and numbered for later identification. Myocar Twenty-seven of our patients had vectorcardiograms meeting this criterion for anteroseptal myocardial infarction, and 19 of them had myocardial infarcts. In 17 the anteroseptal area was involved, and in two the infarcts spared anteroseptal area but involved, respectively, the diaphragmatic area, and the anterolateral, lateral, and posterobasal areas.
Of the eight patients with vectorcardiograms meeting this criterion but without myocardial infarction, one had replacement of the myocardium by amyloid. Three had grade 3 to 4 + anteroseptal myocardial fibrosis, and two of these had microinfarcts in this region. One patient had microinfarcts in the anterolateral area. One patient had severe left ventricular hypertrophy. One had marked right ventricular hypertrophy secondary to pulmonary emphysema. Only one had a normal heart. Three patients whose vectorcardiograms did not display this QRS loop deformity had anteroseptal infarcts. Two of these patients had vectorcardiograms meeting criteria for diaphragmatic infarction and one met criteria for lateral and anterolateral infarction (table   3) .
Thus, this criterion predicted infarction in 19 of 27 patients (70%) and correctly localized Table 3 Anteroseptal Infarction at Autopsy Eleven patients had vectorcardiograms meeting this criterion, and seven had myocardial infarcts at autopsy. Four of the infarcts involved the lateral wall area and the other three involved the diaphragmatic area. The vectorcardiograms of four patients who did not have myocardial infarcts showed this de- tient's myocardial lesion did not fulfill our anatomic criterion for infarction, but the patient did have microinfarcts in the diaphragmatic area. One patient had a normal heart. Fourteen patients with diaphragmatic or apical infarcts did not meet this criterion; however, 10 of these did meet the other criterion for diaphragmatic infarction presented.
Thirty-five patients met one of the two criteria for diaphragmatic or apical infarction, and eight of these patients met both criteria. All those meeting both criteria and 17 of the 27 meeting only one criterion had infarction in the area predicted ( The presence of myocardial infarction was correctly diagnosed in 49 (92%) of the 53 patients with infarcts (table 13) . Allowing for overlap of the adjacent anatomic and electrical areas involved, myocardial infarction was predicted in the correct area in 39 (74%) of the 53 hearts by the vectorcardiogram using the criteria outlined, and in three additional hearts it was correctly predicted but incor- farcted. Four patients with myocardial infarction failed to meet any of the vectorcardiographic criteria for infarction.
There were 18 (32%) hearts in which the vectorcardiogram incorrectly predicted the presence of infarction when none was existent.
At autopsy 14 of the 18 hearts had, in a decreasing order of frequency, left (10) and right (8) ventricular hypertrophy, microinfarcts (7), localized fibrosis (7), and amyloid infiltration of the myocardium (1).
Using the scalar electrocardiogram, reader I correctly predicted the presence of infarction in 28 (53%) of the 53 patients in the infarct group, and reader II correctly predicted 29 (55%). The two readers totally missed the diagnosis of infarction in 25 and 24 hearts, respectively. If we analyze the results using the interpretations of both readers and giving credit for the diagnosis of infarction even if made by only one of the readers, then the scalar electrocardiograms correctly predicted the presence of infarction in 32 (60%) of the 53 hearts showing myocardial infarction at autopsy. Each reader diagnosed myocardial infarction in 17 patients (31%) in the group of 55 patients who did not show infarction at autopsy. If we utilize only those in whom both readers diagnosed infarction, this false positive group would be reduced to 11 (20%); but if we count all positive diagnoses in the infarct group, then all positive diagnoses should be counted in the non-infarct group, and this would give a total of 23 (42%) false positive diagnoses. Table  13 shows the comparison of the interpretations of the vectorcardiogram with the interpretations of the scalar electrocardiogram by reader II.
In comparing the performance of the vectorcardiogram and the scalar electrocardiogram, the vectorcardiogram excelled in the group with myocardial infarction, while the results in the non-infarct group were almost identical.
Discussion
Any method for predicting the presence of myocardial infarction from changes in the electrical forces of the heart is subject to errors similar to those of the standard electrocardiogram. To improve on the established method, a new method must increase the number of infarcts predicted without increasing significantly the number of false positive predictions. This test appears to have been met by the vectorcardiogram using the criteria described.
Distortion of the QRS loop may be due to loss of electrical forces of the heart, but neither the vectorcardiogram nor the electrocardiogram can detect the cause of the loss of electrical forces. The patient with amyloid infiltration of the myocardium gave a false positive reading for infarction with the criteria used for anteroseptal infarction as well as anterolateral infarction. Similar distortion of the vectorcardiogram or electrocardiogram may be attributable to fibrosis. Small areas of fibrosis, when clustered, may act electrically as a myocardial infarct. Since the amount of fibrosis required for designation as an infarct is arbitrary, it is not surprising that these pathological changes may result in false positive readings by vectorcardiogram or standard electrocardiogram.
Since the QRS loop represents the resultant forces produced by depolarization of the heart, distortion of the loop can also occur in association with asymmetrical hypertrophy. The hypertrophy appears to diminish the forces produced by the myocardium opposite it, and if marked, might distort the loop enough to meet one of the criteria for infarction.
Seven patients of this series of 108 had right bundle-branch block, and all but one met some criterion for infarction. Since patients with this form of conduction defect frequently have QRS vector loops which rotate in a clockwise direction out of the E point and may normally have the majority of their loop anterior to the E point in the horizontal plane, the criteria for anterolateral and posterobasal infarction tested in this study can be disregarded when this conduction defect is recognized.
Anteroseptal Infarction
The initial electrical forces produced by depolarization of the ventricles arise from the septum being depolarized in a left-to-right direction. This is followed quickly by activation of the endocardium of both ventricles and Circulation, Volume XXXV, January 1967 by 0.02 second the entire circumference of the ventricles is being activated from endocardium to epicardium.19 The initial forces have been shown to produce a vector which points anteriorly, to the right and slightly inferiorly in most normal subjects, '7 18,20,21 These forces will be distorted by anteroseptal infarction.5' 11-14 Hugenholtz and associates, using the Frank system in 44 patients, found the 0.02-second vector in anteroseptal infarction to have a mean direction of 3220 ± 32.4°i n the horizontal plane. From these data they established a criterion: the 0.02-second vector is displaced posteriorly in anteroseptal infarction.5' 14 Our data confirm the reliability of this criterion in predicting damage to the anteroseptal area, although the septum itself need not always be involved. Coelho This rotation in the horizontal plane is always abnormal but not always present in anterolateral infarction. The majority of our patients with infarction in this area met, instead, criteria for apical or anteroseptal infarction.
Lateral Infarction
With infarction of the lateral wall, the septal and anterior forces may remain dominant long enough to keep the initial 0.02-second vector to the right of the E point without reversing the direction of inscription in the horizontal plane. This criterion has significant overlap with the normal in young people '7' 18 but not with the normals in our autopsy population. Hugenholtz and associates5 described rightward displacement of the initial forces but showed marked overlap with normals at 0.02 second. Wolff and co-workers gave voltage criteria for these rightward forces but used the cube system.3 Hugenholtz and associates suggested the additional criterion of figure-of-eight loops in the horizontal plane for the diagnosis of lateral infarcts, but since we have seen this deformity frequently with rather large clockwise terminal loops in patients with left ventricular hypertrophy,23 we did not think this a useful criterion to test.
Increasing the septal forces (septal hypertrophy) would be expected to produce enlarged initial rightward forces, and this occurred in one of our patients with left ventricular hypertrophy disproportionately involving the septum.
Posterobasal Infarction
The most difficult differentiation was between right ventricular hypertrophy and damage to the posterior wall of the heart, since the initial forces directed anteriorly can be enlarged either by increasing the muscle mass anteriorly (right ventricle) or by damaging the muscle mass posteriorly (infarction of the posterior wall of the left ventricle We chose 0.03-second duration of the initial forces superior to the E point, the criteria that Hugenholtz and associates18 set out for the cube system, because of the overlap with normal when using time superior to the point E less than this. There will still be occasional overlap with normal young individuals but not in the autopsy population we studied.
We tested the criterion of clockwise rotation in the frontal plane using two limits for the maximal QRS vector: 2700 to 350 as suggested for the cube system, and 2700 to 20°a s found using the Frank system. By narrowing the limits, we lost as many proven diaphragmatic infarcts from our series as we lost false positives. Since young people may have this rotation normally with a maximal vector between 350 and 200,17 we suggest that the narrower limits be used in patients less than 50 years old.
